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Immune adherence (LA) has proven to be one of the most sensitive methods 
currently available for the titration of complement (C')  and antibody (1-3). 
However, the fact that human and guinea pig C t are almost equally reactive in 
I-A, whereas guinea pig C' is far more reactive hemolytically than human C' 
(4), suggested that there might be some basic difference between the participa- 
tion of C' in I-A and in immune hemolysis. 
This suggestion was strengthened by the finding that doses of C' too small to 
cause hemolysis of sensitized sheep erythrocytes were still adequate to make 
these same unlysed erythrocytes reactive in I-A (1).  The initial steps in this 
reaction with C' appeared to follow the recognized sequence up through reaction 
with the second component of C' (Ct2)  (1, 5).  It thus seemed possible that a 
complex intermediate between EACq ,4,2 (sheep erythrocyte after reaction with 
antibody and the  first, fourth, and second components of C')  and the final 
damaged cell (E*) might be reactive in LA. 
For this reason it was decided to prepare the "C'3a" and "C'3b" fractions 
of the third component of guinea pig C' as described by Rapp (6, p. 207),  and 
to compare the activities of these fractions in I-A and immune hemolysis. This 
work led to the recognition of three different C' components reacting after the 
C'2 step, as predicted on a theoretical basis by Rapp (6). These were designated 
C'3c, C'3b, and C'3a. It was found subsequently than an additional component 
(C'3d), originally present as a contaminant in some of the "purified" prepara- 
tions, also was required for lysis. 
The present experiments deal primarily with the separation and properties 
of C'3c and with its interaction with EACq ,4,2, resulting in the formation of 
a complex which by itself is reactive in I-A, but which will not cause the cell to 
lyse without the addition of C'3b, C'3a, and C'3d. A second paper characterizes 
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C+3b,  C+3a,  and  C'3d,  and describes more fully their place  in the sequence of 
reactions leading to immune  hemolysis  (7). 
Materials and Methods 
Diluents.--All solutions and reagents were made with glass-distilled water. Initial work was 
carried out using albumin veronal buffer (6, p.  149),  containing 0.1 per cent bovine albumin 
(Armour Pharmaceutical Company, Kankakee, Illinois) as a stabilizer. Following a suggestion 
by Dr. Manfred Mayer, 0.1 per cent gelatin was later substituted for the albumin in all studies 
involving immune hemolysis, and most of the work reported here was carried out using this 
gelatin veronal buffer. Calcium (to 0.00015 *x) and magnesium (to 0.0005 ~t) were added to all 
buffers unless otherwise indicated. Where ethylenediaminetetraacetate (EDTA) was required 
to block the action of certain components of C r, a concentration of 0.01 ,J was employed unless 
otherwise noted. 
Erythrocytes.--Sheep  blood was added aseptically to 2 volumes of sterile modified Alsever's 
solution and stored at O-4°C  until used. On the day of use, sheep erythrocytes  (E)  were  fil- 
tered through glass wool,  washed once with 0.01 M EDTA, then twice with 0.15 M NaC1 and 
twice with the appropriate diluent. The cells were resuspended in diluent and standardized 
spectrophotometrically at a wavelength of 415 or 541 m/z, depending upon the cell concentra- 
tion. For each lot of stock erythrocytes the optical density was correlated with true cell con- 
centration by means of a Coulter counter, Coulter Electronics, Miami. 
Human type O erythrocytes (HUE) for use as indicator particles in I-A were prepared in a 
similar fashion. They were always suspended in albumin veronal buffer with EDTA, to a con- 
centration  of  approximately  2  X  108/ml.  (A  1:10  dilution  of  the  HuE  suspension  in 
water should have an optical density of 0.395 at 541 m# after standardization.) Erythrocytes 
from an occasional individual may consistently show poor reactivity in I-A, so HuE donors 
were selected from a group of persons previously found to have cells optirnally reactive in I-A. 
Anlibody.--A  single pooled  rabbit antiserum against whole sheep erythrocytes was em- 
ployed for all studies. This was a pool of "first-course" sera from 6 rabbits following a total of 4 
weeks of immunization, and contained 620/zg of antibody nitrogen/ml. This antiserum was 
heated at 56°C for an hour and stored at -20°C. 
Complement (Cr).--Pooled unabsorbed guinea pig serum was employed in most procedures. 
This was either obtained commercially (Carworth Farms, New York) or prepared in our labo- 
ratories. The whole C ~ titers of different lots ranged from 166 to more than 220 50 per cent 
hemolytic units of C ~ (C'Hs0)/ml when titrated by the 7.5 ml method employing 5  X  10  s 
sensitized sheep erythrocytes (6, p. 152). C' was sealed in glass ampoules and stored at -- 70°C. 
Second Component of C  ~  (CI2).--A fraction containing C'2 was prepared from pooled unab- 
sorbed C' according to the method of Borsos (6, p. 206), and stored at  -35 °. Different lots 
contained from 1.8 to 3.1  X  1011 effective molecules of C'2/ml. Except where indicated, C'2 
was employed at a  concentration of more than 300 effective molecules/cell. Two out of 7 lots 
of C~2 showed a slight amount of contamination by some factor which induced I-A reactivity 
in EACq ,4,2  (later shown to be C'3c). In one case this contamination was not enough to 
justify further purification procedures. In the second case, the contaminated C'2 was diluted 
and passed through a  carboxymethyl (CM) cellulose column identical with that used in the 
initial C'2 separation procedure. This resulted in almost a 50 per cent loss of C'2, but also re- 
moved the contaminating I-A-reactive factor. 
All C~2 preparations showed appreciable C'3d activity (7); no method was devised for pre- 
paring C~2 lacking in this other component. 
Chromatographic Separation  of C~3c from  Whole  Guinea Pig  C~.--Continuous  gradient 
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cept that in earlier studies less C'  (10 to 20 ,ml)  and  less  cellulose  (I0  to  20  gin)  were 
employed, and the gradient change was obtained with a gravity  feed and a double-flask arrange- 
ment as described by Fahey eta/. (8). Protein content of the fractions was determined spectro- 
photometrically at a  wavelength of 280 In#, and molarity was determined by conductivity 
measurement. Fractions were adjusted to 0.15 ~¢ by dilution with water or by addition of 3.0 ~¢ 
NaCI, and were assayed for C'3c activity as described below. Ultimately these fractions were 
tested for C'3a, C'3b, C'3d, and C'2 as well.  Fractions containing even a trace of C'3b were 
excluded, and a pool of the other fractions rich in C'3c activity was made. This preparation was 
then heated for 2 hours at 560C to inactivate most of the C'2, C'3a, and Ct3d remaining, and 
stored at 0-4°C where C'3c activity was retained over a period of several months. 
C'3b and  C'3a.--Fractions  containing  C'3b  and  C'3a  were  made  initially  by  means 
of DEAE  and CM  cellulose chromatography according  to  Rapp  (6,  p.  207).  Subsequent 
preparations were made as described in reference 7. 
Sensitized Sheep Erylhroeytes (EA).--Sheep erythrocytes (E) were suspended at a  concen- 
tration of 2 X  I09/ml in gelatin veronal buffer containing added calcium but no added mag- 
nesium.  Antibody  was  diluted  1:125  in  the  same  buffer,  resulting  in  a  concentration 
of approximately 5/~g of antibody nitrogen/ml. Equal volumes of E and of antibody dilution 
were mixed and allowed to stand for 30 minutes at room temperature, giving an EA concen- 
tration of 1 X  109 cells/ml. 
EA with C'I and C'4 Activity (EA C'l , 4).--These cells initially were prepared by the incu- 
bation of EA for 30 minutes at 0°C with a small amount of guinea pig C' (6, p. 200). While such 
cells had EAC'I, 4 activity, they also showed strong I-A reactivity when incubated with HuE, 
indicating that they had been converted into unlysed, I-A reactive cells by some combination 
of C' components. 
To avoid this problem, formalin-treated C' was investigated as a reagent for the preparation 
of EAC '1,4 (9, 10). Incubation of EA with formalin-treated C' at 0°C produced EAC'I, 4 with 
less than 5 per cent loss due to E* formation. These cells were stable for about 2 weeks at 0°C, 
and had a  relatively large number of SAC'l,4/cell  x (Tmax ---- 6 to 12 minutes) (6, p.  181). 
More importantly, they showed no I-A reactivity and could thus be employed during the early 
phases of this investigation. 
Another method for making EAC'I,4 was later developed and it has been used for all re- 
cent work, including most of that reported here. To 20 ml of EA (1 X  109/mi), precooled to 
exactly 0*C, was added 0.5 ml of cold C' with a cold pipette, followed by thorough mixing. This 
suspension was incubated at 0°C for exactly 7.5 minutes, then about 10 volumes of cold buffer 
was added rapidly and the cells were centrifuged and washed twice. They were then resus- 
pended, incubated 2 hours at 370C,  centrifuged, resuspended to a  concentration of approxi- 
mately 1 X  10°/ml, and stored at 0°C. Just before use EAC'I,4 was washed and resuspended 
in gelatin veronal buffer to a concentration of 1.5 X  10S/ml. The Tmax of cel]s prepared in this 
manner was usually between 6 and 14 minutes depending upon the lot of C' employed, and 
they were usable for about 2 weeks after preparation. They showed no spontaneous I-A reac- 
tivity at concentrations as high as 1.5 ×  10  s (see below), and E* formation during preparation 
was less than 5 per cent. If the incubation with C' at 0°C was increased beyond 7.5 minutes, 
the cells began to show spontaneous LA reactivity, and EAC'I,4 showing high I-A reactivity 
could be lysed by the addition of C'2 and C'3b +  a +  d; i.e., C'3b +  C'3a +  C'3d. Such cells 
were regarded as unsuitable for use in these studies. 
EA with C'I,  C'4, and C'2 Activity (EAC'I,4,2).--EAC'I,4,2 was prepared by mixing 
EAC'I,4 (1.5 X  10S/ml) with purified C'2 at 30°C, followed by incubation at this temperature 
x SA refers to an antibody-sensitized site on a sheep erythrocyte, while EA refers to the en- 
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for a period of time, Traax, inversely proportional to the number of SAC'l, 4/cell (6, p. 201). 
Except in special cases, the amount of C'2 used was sufficient to provide more than 300 effec- 
tive molecules/cell. 
T,~o~ Determination.--For  each  lot  of EAC'I,4 the relative number of SAC't,4/cell was 
estimated by determination of the Tmax at 30°C,  according to Mayer  (6, p.  181).  "W]aole 
C'3  ''~ was provided by the use of  1.5 ml of whole C' diluted 1:33.3 in buffer with EDTA 
(EDTA-C'), for each tube containing 7.5 X  107 EAC'I, 4. 
C'g Titration.--C'2 was titrated as suggested in (6, p. 202), except that EDTA-C' was used 
at a  concentration of 1:33.3 instead of 1:37.5. The titer of C'2 was usually expressed as the 
number of effective molecules/mi. 
Assay for I-A-Reactive Cells.--The cells to be tested were first standardized spectrophoto- 
metrically to a known concentration, and then centrifuged. Since intact cells at a concentration 
higher than about 8  X  107/tube interfere physically with the formation of hemagglutination 
patterns by the indicator HuE, they were usually resuspended first in distilled water and this 
lysed cell preparation then made isotonic with 5 times concentrated veronal buffer. However, 
if it was anticipated that a high proportion of the cells would be reactive in I-A, so that end- 
points could be reached with fewer than 8  X  107 cells/tube, they were resuspended intact in 
albumin veronal buffer with EDTA. (This buffer was used for all I-A studies unless otherwise 
indicated.) 
Twofold dilutions were made of the suspension of cells or stromata to be tested. One ml 
aliquots of these dilutions were placed in special hemagghitinafion tubes and 0.1 ml HuE was 
added to each tube with a  0.2 ml pipette. The tubes were shaken, incubated 10 minutes at 
37°C,  shaken again, and allowed to stand undisturbed for 60 minutes at 37°C,  after which the 
hemagglutination  patterns were read (1). The number of cells required for a 2+ hemagglutina- 
tion pattern is inversely proportional to the amount of C'3e which has reacted with the cells. 
The range of cell concentrations which can be studied by this method is limited as follows. 
With more than about 2 to 3  X  108 lysed ceUs/ml, hemoglobin color is so intense that he- 
magglutination patterns are read with difficulty unless a very strong light source is used or the 
supernatant fluid is very gently removed by suction. A negative reaction at a lysed cell concen- 
tration of 1.5 X  10S/tube was accepted as evidence that essentially no I-A-reactive ceils were 
present, and EAC'I,4 preparations meeting this condition were considered suitable for use in 
the present investigations. On the other hand, maximally I-A-reactive cells could not be di- 
luted to fewer than 1 X  106/tube without giving less than a 50 per cent (2+ hemagglufination 
pattern) reaction. Therefore, a 2+ pattern at a  cell concentration of about 1 X  106 was ac- 
cepted as the maximal I-A reactivity which could be measured by this method. At this con- 
centration the ratio of reactive cells to indicator HuE is 1: 20. 
Titration  of C'3c by l-A.--Dllutions of the unknown were prepared in albumin veronal 
buffer with EDTA,  and 0.5 ml allquots were placed in hemagglutination tubes. EAC'I, 4, 2 
was prepared, washed once, and resuspended to a  concentration of 2  X  107/ml. Into each 
chilled tube was pipetted 0.5 ml of cold EAC'1,4,2 suspension, followed by shaking and incu- 
bation for 10 minutes at 37°C.  Then 0.1 ml of standardized HuE was added to each tube, fol- 
lowed by shaking, incubation for 10 minutes at 37°C, and shaking again. After another 60 
minutes at 37°C  without disturbance, the hemagglutination patterns were read as described 
elsewhere (1).  The reciprocal of the highest sample dilution giving a  2+  hemagglutination 
pattern was multiplied by 2  (since 0.5 mi of dilution was employed) to give the titer of the 
sample in 50 per cent I-A units (C'I-As0)/ml. 
Hemolytic Titration of C'3c, C'3b, C'3a, and "Whole C'3".--Initial assays were carried out in 
a volume of 2.5 or 3.0 ml, by adding EAC'1,4, 2 to dilutions of the unknown and various corn- 
2 "Whole C'3" is used to indicate the sum of those C' components which react after C'I, 
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binations of heated or unheated crude chromatographic fractions, followed by incubation for 
90 minutes at 37°C. The volume of each tube was then brought to 5.0 ml with cold buffer con- 
taining EDTA, the mixtures were centrifuged,  and the supernatant fluids assayed speetro- 
photometrically. Later, the activities of these components  were  measured  as described  in 
reference 7. "Whole C'3" activity was determined according to reference 6, p. 203. 
Absorption of Whole C' by Immune Precipitate.---One ml of C' was mixed with 1.0 ml of 
washed immune precipitate containing 200 ktg of antibody nitrogen, prepared at equivalence 
from 5 times crystallized egg albumin (Pentex Inc., Kankakee, Illinois) and a rabbit anti--egg 
albumin serum containing 952 ~tg of antibody nitrogen/ml. Absorption was carried out for 48 
hours at 0°C followed by i hour at 37°C. A control sample of the same C' diluted 1:2 in saline 
was maintained under the same conditions as the test sample. Mter centrifugation to remove 
the immune precipitate, both samples were assayed for C'3c, C'3b, C'3a, C'3d, and "whole 
C'3" activity. 
Equi_pment.--International refrigerated centrifuges  (model PR-2)  were used for all pro- 
eedures  requiring  centrifugation.  Hemoglobin  determinations  were  made  with  a  Beck- 
man model DU spectrophotometer at a wavelength of 415 m/z, except in procedures such as 
C'2 titration or cell standardization, when 541 m/z was employed because of the higher con- 
centration of hemoglobin.  Volumetric  pipettes were  used for most procedures,  and  tubes 
were kept in crushed ice while reactants were being combined, before placement at incubation 
temperature. All I-A hemagglutination reactions were carried out in special 13 ×  75 mm he- 
magglutination tubes manufactured by the Kontes Glass Company,  Vineland,  New Jersey. 
All glassware was cleaned with concentrated sulfuric acid and rinsed thoroughly in tap and 
distilled water. 
RESULTS 
Conversion of EA to Unlysed but I-A-Reactive Cells by Whole Guinea Pig C' at 
0°C.--Our  initial work provided substantial evidence for  the  existence of an 
EA-C' complex intermediate between  EAC'1,4,2  and  E*,  and  this  complex 
was shown to be highly reactive in I-A. Twenty ml of EA (1  X  109/ml)  was 
chilled to 0°C  and mixed with  2.0 ml of cold C' for 30  minutes at 0°C with 
frequent  agitation.  Then  20  ml  of  cold buffer  with  EDTA  was  added,  the 
mixture  centrifuged,  the  ceils washed  3  times  and  resuspended  in  20  ml  of 
buffer with EDTA. According to current concepts, the resuspended cells should 
have possessed sites in the states: SAC'1,4,2,3  (S*),  SAC'1,4,2,  SAC'1,4, 
and EDTA-dissociated SAC'l,4 (SAC'4) and SAC'l, 4,2  (SAC'4,2). Approxi- 
mately  14 per cent of the initial cell population was  converted to E*  during 
the 30 minute incubation with whole C' at 0°C as revealed by the amount of 
lysis following a  4  hour incubation of the washed cells at 0°C.  The remaining 
intact  cells were  separated by centrifugation,  washed  twice in  the  cold,  and 
resuspended to a  concentration  of 9  X  10S/ml.  An aliquot of these cells was 
mixed with an equal volume of a  1:30 dilution of EDTA-C', and after incuba- 
tion for 2 hours at 37°C all had lysed, indicating that they all had had one or 
more sites in the state SAC'1,4,2 or SAC'4,2. 
The remaining cells were heated for 2 hours at 37°C and washed 3 times with 
buffer containing EDTA, a  procedure  designed to cause the conversion of all 
SAC'1,4,2 to SAC'1,4 by heat, and of nearly all SACq ,4 to SAC'4 as a result 772  COM2~OIWENTS OF GUINEA PIG COMX)LEMIENT. I 
of dissociation of the C'I by EDTA (11, 12). A portion of these heated, EDTA- 
treated cells was then incubated for 2 hours at 37°C with an equal volume of a 
1:30 dilution of EDTA-C  r and 7 per cent of them lysed. Since virtually all of 
the  SACtl,4,2  should  have  been  converted to  SACr4  during  the  previous 
treatment, there was no readily apparent explanation for this 7 per cent lysis. 
It has since become evident that these cells probably had sites in the state, 
SAC'1,4,2,3cb  (7). 
The remaining 93 per cent of cells which was not lysed by EDTA-C  t after the 
above treatment was again washed. A portion was again reacted with an equal 
volume of 1:30 EDTA-C  ~ for 2 hours at 37°C, and this time there was no lysis. 
However, when another aliquot of these same cells was tested for I-A reactivity 
they gave a 2-}- hemagglutinafion pattern at a concentration of only 2 X  108, 
indicating  that a  high  proportion had sites in a  state reactive with the I-A 
receptors  on  HuE.  The initial  population  of cells  all  had  SAC'1,4,2  after 
treatment with whole C ~ at 0°C,  yet  many failed to lyse after washing  and 
subsequent incubation.  Since these latter  were nevertheless reactive in I-A, 
this was interpreted as evidence for the existence of some I-A-reactive complex 
intermediate between SACI1,4,2  and  S*.  Clarification of the nature of this 
complex was  sought by attempting to relate it to the sequence of reactions 
leading to S* formation. 
Hemolytic  and I-A Reactivity  of Initial Fraction A  and Fraction B  Prepara- 
tions.--Preparations  designated  here  as  fraction A  (Fr.  A)  and  fraction B 
(Fr.  B),  corresponding  to  Rapp's  "CI3a  ''  and  "Ct3b  ''  respectively,  were 
prepared as described in reference 6, p. 207, and their interactions with EAC~I, 
4,2 were studied by I-A and hemolytic methods. As shown in Table I, 77.4 per 
cent of the EACtl,4,2 was lysed by a mixture of Fr. A  1:10 and Fr. B  1:10, 
while lysis was reduced to 39.5 per cent after heating of the Ft. B, and abolished 
when the Fr. A was heated. In contrast, maximum LA reactivity (2+ hemag- 
glutination patterns with 1.0 X  l0  s cells) was induced in the absence of immune 
hemolysis, by a 1:10 dilution of unheated Ft. A alone, or heated Ft. A combined 
with unheated Fr. B. A much lower I-A reactivity (2+  with 18 X  l0  G  cells) 
was induced by a  1:10 dilution of Fr. B alone. Subsequent experiments showed 
that neither lysis nor I-A reactivity could be induced when the same reagents 
were incubated with EACt1,4 instead of EAC'1,4,2,  indicating the essential 
role of Ct2 in both phenomena. 
These  results  were  interpreted  to  mean  that  for  EAC~I,4,2  to  become 
reactive in I-A there is required a heat-stable factor which was present in the 
initial batch of Fr.  A and at a  lower concentration in Fr.  B, and this factor 
tentatively was termed C'3c. Immune lysis of EACt1,4,2 appeared to require 
a  heat-labile factor present in  Fr.  A  and a  moderately heat-stable  factor in 
Fr. B. 
Elution  Characteristics  of C'3c from  Cellulose Columns.--Using  I-A  hem- KUSUYA NISHIOKA  AND WILLIAM  D.  LINSCOTT  773 
agglutination to assay for Ct3c,  an effort was made to detect this component 
among the fractions collected during continuous-gradient elution  of C' from 
DEAE cellulose  columns. It was found in  4  separate  experiments  that  C~3c 
activity began to elute from the column at a molarity of 0.075, 0.085, 0.075, and 
0.082.  The peak of activity appeared at a molarity of 0.084,  0.110,  0.085,  and 
0.095. Although the molarity at this peak varied somewhat, probably influenced 
TABLE I 
Hemolytic. and 1-.4 Reac.t4vity of EAC~1,4,2 Treated with Initial Batches of Ft. A  and Ft. B 
7.5 X 107 EAC'I,4,2  reacted with: 
Fr. A  (1 ml) 
m 
Fr. B (1 ml) 
1:100 
1:10 
Ly~s 
per ~ 
0 
0 
0 
I-A reactivity (No. of cells X 
l0  s required for 2-[- hemagglutin, 
ation pattern) 
Deposit  Supernate 
(un~ysed)  (immune-lysed) 
18 
I:i00 
1:100 
1:100 
1:10 
1:10 
I:10 
1:10 
1:10~ 
1:10~ 
Whole C' 1:250 
Whole C' 1: 750 
1:100 
1:10 
1:100 
1:10 
1:10~ 
1:10 
1:10~ 
0 
0 
0 
0 
0 
77.4 
39.5 
0 
0 
100 
75.9 
7 
7 
3.5 
1.0 
1.5 
1.0  5.5 
1.0  5.0 
1.0 
1.5 
4.0 
1.0  8.0 
* Negative with 30 ×  10  e cells. 
Heated 56°C 30 minutes. 
by variations in the flow rate, it appeared to be distinct from that reported by 
Rapp et al. for C~a, C% and C'4 (9). The C~3c peak was close to that of Cr2, as 
determined by parallel assays of the same fractions. 
However, a  very striking  difference between  the  elution  characteristics  of 
C~2 and C~3c  was observed when separation was carried out using a CM cellulose 
column at a pH of 4.6 and a starting molarity of 0.01, with a continuous gradient 
flow  of NaC1.  A  high  flow  rate  (25  ml/minute)  was  employed in  order  to 
minimize inactivation of C'3c at the low pH of the column, and fractions were 
collected in  the cold and brought to pH 7.0  to 7.5  as quickly as possible by 
addition  of 0.15  N NaOH.  Under  these  conditions  the  peak  of  C'2  elution 
appeared at 0.02 ~, whereas Cr3c started to appear at 0.09 M and showed a peak 774  COMPONENTS  OF GUINEA  PIG COMPLEMENT.  I 
at 0.14 M. From these combined data there seemed little doubt that C'3c was 
a distinct and previously undescribed component of C'. 
Chromatographic Separation and Titration of C'3a from Whole Guinea Pig C'.--It was possi- 
ble to measure the activity of the "heat-labile factor" present in the initial batch of Fr. A, 
using heated Fr. A as a source of C'3c and heated Fr. B as a source of C'3b (since neither of 
these components  was yet available in more purified form). EAC'I,4 were treated with C'2 
and a half volume of heated Fr. A for 10 minutes at 30°C. Then 0.5 ml aliquots of these cells 
were added to tubes containing 1 ml of dilutions of the unknown in buffer with EDTA, and 
0.5 ml of a 1  : 100 dilution of heated Fr. B, followed  by incubation for 90 minutes at 37°C. When 
more purified C'3c and C~3b became available, titration of C~3a was carried out according  to 
methods described in reference 7. 
Four different continuous gradient DEAE cellulose  separations showed that 
activity similar  to that of the heat-labile factor in the initial batch of Fr.  A 
began to appear in the effluent at a molarity of 0.050,  0.045, 0.050,  and 0.050. 
The peak of activity occurred at 0.071, 0.068, 0.072, and 0.070 M. These molar- 
ities  correspond closely to  those described for the elution of "Cra  ''  (9).  This 
heat-labile component has been termed Ct3a. 
Chromatographic Separation  of C'3b from Whole Guinea Pig C~.--The DEAE 
cellulose  elution  characteristics  of  the  moderately  heat-stable  factor  in  the 
initial Fr. B could not be determined until relatively pure Cr3a and Cr3c became 
available,  since  the initial  Fr.  A  also contained appreciable  amounts  of this 
heat-stable factor. When suitable reagents had become available, assays on the 
fractions from 4  different continuous gradient DEAE runs made with whole 
C t  showed that elution of this moderately heat-stable factor began at 0.100, 
0.110,  0.110,  and 0.090 M with the peak appearing at 0.117,  0.125,  0.127,  and 
0.115 M.  This is a  somewhat lower molarity than reported for "C'b" by Rapp 
et al., who used pH 7.4 instead  of 7.6  (9).  This  component has been  termed 
CI3b. 
C'3d.--A  fourth  component,  with  DEAE  elution  characteristics  very 
similar to those of C'2, was first found as a  contaminant in Ct2.  This factor, 
called  Ct3d,  is  the last  component in  the known series  to react,  and  will  be 
discussed in more detail in reference 7. Elution of Cr3d from DEAE cellulose at 
pH 7.6 began very close to C~2, after the appearance of C'3c and before C~3b. 
Since  methods  were  not  developed for  purification  of  this  component from 
guinea pig C r, fraction IV prepared by Dr.  R.  M.  Zarco from bovine serum 
according to the method of Cohn et al. (13) was used as a potent and functionally 
pure source of Cr3d. 
Ability of Various C ~ Fractions to Induce I-A with EAC'1,4,2.--In Table II 
are listed the relative I-A and hemolytic activities of some separated C' com- 
ponents, prepared and assayed by methods which have been or will be described. 
The  hemolytic activities  of  these  preparations  are  only relative,  since  their 
titers  are  a  function of the  concentrations of the  reactants  employed in  the KUSUYA  NISHIOKA AND  WILLIAM  D.  LINSCOTT  775 
various assays and cannot be expressed in absolute terms. It will be noted that 
EACq ,4,2 did not become LA-reactive after incubation with C'3a,  C'3d, or 
C~2. The limited I-A activity of CP3b, caused by the presence of a trace amount 
of  C'3c,  was  nearly abolished  by treatment  with  hydrazine,  without  a  cor- 
respondingly great reduction of Ct3b activity. These data, combined with the 
magnitude of the difference between the C~3c and other component activities 
of  each  preparation,  provide  additional  distinctions  between  C~3c and  the 
other components and indicate  that  I-A activity results from an interaction 
between  EACq,4,2  and  C~3c. A  more  complete  comparison  among  these 
TABLE  II 
Comparative I-A and Hemolytic Activity of Separated C' Components 
C'I-A~]ml*  C'H~o/ml 
Preparation 
C'3c  C'3a  C'3b 
C'3a  0  1700  <1~: 
C'3b  50  1.6  500 
C'3b (hyd.) §  1  NTI[  170 
C'3c  256,000  4  1 
C'3d¶  0  1  <1 
C'2  0  1  <1 
* 2 times reciprocal of dilution giving 2+ I-A hemagglutination with  X  l0  T  EAC'I,  4, 2. 
~: Less than 50 per cent lysis when undiluted sample was tested. 
§ Treated  1 hour at 37°C with 0.05 ~s hydrazine. 
[] Not tested. 
¶ Fraction IV from bovine serum. 
components, and other differences between them, are presented in reference 7 
along with methods for the preparation and assay of components not covered 
in this paper. 
Similarity  of C'3c  Activity  in  1-.4 and  Immune  Hemolysis.--In  order  to 
determine  whether  hemolytic C'3c and  the  factor essential for inducing  1-A 
reactivity in EAC'1,4,2 were identical, 1-A and hemolytic assays were carried 
out in parallel on a C'3c preparation treated under various conditions known to 
inactivate C'3c. Titration and inactivation methods are described in reference 
7. As shown in Table 1II, these treatments produced a  similar decline in 1-A 
and hemolytic titers of C'3c, suggesting that both activities require the same 
substance.  (See reference 7 for further evidence on this point.) 
Depletion  of Component Actizity from Whole C' by an Immune Precipitate.- 
Absorption of whole C' with an immune precipitate caused a striking decrease 
in  C'3c activity, whether  measured  by LA or by the  hemolytic method,  as 
shown  in  Table  1V.  These  results  agree  closely  with  those  obtained  when 776  COMPONENTS  O~  GUINEA PIG COMPLEMENT.  I 
intermediate complexes of C' fractions and sensitized erythrocytes were used 
to  absorb  dilutions of purified components  (7),  and  indicate that  during  C' 
"fixation" both C'3c and C'3b are depleted while C'3d and probably C'3a are 
TABLE III 
Residual  C'3c Activity as Measured by t-A  and by Immune Lysis Following Inactivation  by 
Itydrazine  or Low pH 
C'3e incubated at 37°Clot 1 hr. 
with the following final con- 
centrations of hydrazlne: 
M 
0 
0.0005 
O. 0015 
0.005 
0.015 
0.05 
C'3c incubated 30m  in. at 0*C 
~B 
7.2 
4,2 
4.0 
3.8 
3.6 
C'3c activity 
I-A assay  Hemolytic assay 
C'I-A~dml  Loss 
400,000 
160,000 
16,000 
4OO 
4OO 
400 
400,000 
80,000 
30,000 
20,000 
80 
~r cen~ 
96 
>99 
>99 
80 
93 
95 
>99 
C'H0o/ml  Loss 
per cent 
980 
680  31 
90  91 
20  98 
20  98 
20  98 
980 
540  45 
69  93 
53  95 
5.8  99 
TABLE IV 
Depletion of C' Components from 1,0 ml of Whole Guinea Pig Serum  by Absorption with an 
Immune Precipitate Containing Egg Albumin and 0.2 mg Antibody Nitrogen 
Unabsorbed control ........ 
Absorbed ................. 
Depletion, % .............. 
C'I-As0/ml 
C'3c 
400,000 
4,000 
99 
C'Hl0/ml 
C'3c  C'3b  [  C'3a 
4  1-- L  28,--= 68-  
560  17,000  64,000 
86  I  39  I  5.9 
i 
C'3d  "Whore 
C'Y' 
80,000  I  1,600 
80,000  360 
0  77 
not.  The  drop  in  "whole  C'3"  titer  appears  to  reflect  primarily  the  great 
reduction in C'3c activity following absorption. 
Hemolysis  of  I-A-Reactive  Cells  by  C'2  -Jr- C'3b+a+d.--It  was  thought 
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further  contact  with  C'3c.  Accordingly,  three  cell preparations  were made  as 
follows: 
(a)  Twenty ml of precooled EA (1  X  109/ml) was mixed at 0°C with 0.5 ml of whole C'. 
Mter 7.5 minutes, 200 ml of cold buffer was added and the cells were centrifuged, washed twice, 
and resuspended in 40 ml of buffer. Half was then held at 0°C for 4 hours to allow lysis of E* 
with minimal decay of SAC'l, 4, 2, while half was incubated at 37°C for 2 hours and then held 
at 0°C for 2 more hours. 
(b)  Another aliquot of EA was treated the same way as in (a), except that it was incubated 
at 0°C for 30 minutes instead of 7.5 minutes, and twice as high a concentration of C' was used. 
(c)  A third aliquot of EA was treated the same as in (a), except that it was incubated 30 
minutes at 0°C with 4 times as high a concentration of C'. 
All 3  cell preparations  were then centrifuged,  the supernatant  fluids saved for spectro- 
photometric analysis,  and  the cells washed  thoroughly and  resuspended  in gelatin veronal 
buffer to a  concentration of 7.5  X  107/ml.  Aliquots were tested for I-A reactivity, and for 
hemolytic activity as follows.  One-half nil amounts of each cell preparation were incubated 
with 2.0 ml of (a)  C'3b +  a  +  d in buffer with EDTA; (b) C'2 for 10 minutes at 30°C, fol- 
aowed by C'3b +  a +  d in buffer with EDTA; or (c) EDTA-C  ~  diluted 1:66.7. 
TABLE V 
Comparison of I-A Reactive and Non-Reactive Cells in Immune Hemolysis 
Reaction mixture 
I 
EA  ]  C' 
mZ  ml 
(a)  20  0.5 
(b)  20  1.o 
(c)  20  2.0 
Reaction 
time at 
Ooc 
rain. 
7.5 
30 
30 
Incubation  E* 
after  formation  washing 
°C.  hr. 
0  4 
37  2 
0  4 
37  2 
0  4 
37  2 
per cent 
1.6 
0.6 
3.6 
3.4 
15.8 
17.0 
2+ I-A 
(No. cells 
×  10s) 
-§ 
3.5 
3.5 
1.2 
1.2 
Lysis with: 
C'3b +  C'2 -4-  EDTA-C'  a +  C'3b + 
1:66.?  d~  a +  d 
per cent  per  per 
cen~  Ce~ 
13.2  0  4.1 
1.8  0  3.0 
81.8  0.3  15.6 
2.2  0  14.4 
100.0  2.3  29.6 
3.5  1.1  28.0 
~5 C'3b +  C'3a +  C'3d. 
§ Negative I-A with 150 X  l0  s cells. 
From Table V it can be seen that cell preparation (a) showed no I-A reactivity 
even at  a  concentration  as high as  150  X  10Vtube,  whereas preparations  (b) 
and  (c), made with 2  or 4  times as  much  C' and incubated  4  times as long at 
0°C, produced 2+  hemagglutination patterns with as few as 3.5  X  10  e and 1.2 
X  10  e cells, respectively.  This  indicates  that  the  C'3c in  whole  C' can  react 
significantly with EAC'1,4,2  at 0°C  when  a  sufficiently long incubation  time 
and/or a  high enough concentration of C' is employed.  The reactivity of these 
cells in I-A was variable according to the amount of C' employed in their prepa- 778  COMPONENTS  OF  GUINEA  PIG  COMPLEMENT.  I 
ration, and did not appear to be affected by heating for 2 hours at37°C although 
this produced a very striking decrease in the lysis of all three cell preparations by 
whole C ~  in EDTA, as a result of SAC'1,4,2 decay. There was a corresponding 
loss  of ability to be lysed by C'3b+a+d  most of which,  however, could be 
restored by the addition of fresh Ct2. The smaller amount of lysis with C~3b+a 
+d  as  compared  to  that  with  whole  C'  in  EDTA  was attributed  to the 
relatively low potency of the purified C' fractions. 
Of  greatest  interest  was  the  finding  that  lysis  with  C'2  +  C'3b+a+d 
paralleled I-A reactivity, suggesting that the CP3c which  induces I-A reactivity 
in EAC'1,4,2 is also available for combination with the remaining components 
of the C' system to induce lysis. The finding that these  "C~3c-activated cells" 
are  subject  to  decay  by  heating  and  reactivation  by  Cr2  has  been  amply 
substantiated in subsequent  work  (see  below).  The small amount of lysis of 
I-A-unreactive cells (a) may have resulted from slight C~3c contamination of 
the reagents  used,  or from the presence on these  cells of a  small number of 
"C'3c-activated sites," below the limits of sensitivity of the I-A testing tech- 
nique. It is not possible to distinguish between these alternatives at this time. 
TABLE VI 
ReactCvity of EACJ1,4,2 Pretreated with Different Amounts of C'3c and Then Heated at 37°C 
for 2 Hours 
C'H~o  of C'3c used in  pre- 
treatment of cells 
40 
8 
1.6 
0 
2+ I-A 
(No. cells X 10  e) 
1.2 
1.2 
1.2 
Lysis with: 
C'3b + a + d 
per ten| 
0.8 
0 
0.7 
0.4 
C'2 +  C'3b +  a  +  d 
per cent 
96.0 
86.1 
56.9 
3.9 
* Negative I-A with 150 X l0  s cells. 
Identity  of "I-A-Reactive  Cells"  and  EACh1,4,2,3c.--The  preceding  data 
indicated  that  1-A-reactive cells  could  be lysed by  Ct2+CP3b+a+d  in  the 
absence of added C~3c, even after heating for 2 hours at 37°C. The reactive sites 
were  presumed to  be  SACq ,4,2,3c,  but  with CP3c not  being bound to the 
complex exclusively through  a  link  with  active  Cr2  since  decay of the  C~2 
moiety did not irreversibly affect the  Ct3c portion of the complex. The next 
step was to react EACq ,4,2 with purified C~3c and to examine the properties 
of the resulting cells. 
EAC'1,4 was incubated 20 minutes at 30°C with C'2 and varying concentrations of C'3c. 
The cells were then washed twice, resuspended in gelatin veronal buffer and  heated  for 2 
hours at 37°C, followed  by washing and resuspension. Lyric determinations were performed on 
0.5 ml allquots of each cell preparation following incubation at 37°C for 90 minutes with 2.0 KUSUYA  NISHIOKA AND  WILLIAM D.  LINSCOTT  779 
ml of a mixture of C'3b +  a +  d or of C'2 +  C'3b +  a +  d. I-A reactivity of each cell prepa- 
ration also was determined. 
It can be seen in Table VI that the lowest concentration of C'3c which was 
used conferred maximal I-A reactivity on the EAC'1,4,2.  In the absence of 
fresh  C'2  there  was  no  significant  lysis  of any preparation  by  C'3b+a+d, 
while the amount of lysis in the presence of C'2 reflected the amount of C'3c 
employed in pretreatment of the cells.  Again the finding of a  small amount of 
lysis in the absence of C'3c treatment was attributed either to contamination of 
reagents by a small amount of C'3c, or to the presence of C'3c activity on the 
original  EAC'1,4  in  an  amount  undetectable  by I-A. These data  suggested 
that C'3c was the first component to react with EAC'1,4,2, and cells modified 
by C'3c in this manner were designated as EAC'1,4,2,3c.  Their reactivity in 
I-A was unaffected by heating at 37°C for a  time sufficient to prevent lysis by 
C'3b+a+d  in the absence of C'2.  In fact, they retained some I-A reactivity 
even after heating for 2 hours at 56°C. 
TABLE VII 
L ysis  f EA C'  I , 4 Pretreated with Various C' Fractions 
EAC'I,4 pretrested 
with C'2" and: 
(a)  C'3a 
(b)  C'ab 
(c)  C'3c 
(d)  C'3c +  b 
(e)  C'3c +  a 
(f)  C'3b +  a 
Lysis With: 
C'2 + 
C'3c +  b +  d 
per cent 
0 
0 
0 
0 
0 
0 
C'2 + 
C'3c +  a +  d 
pee ~en~ 
0 
1.0 
0 
80.2 
NT 
0 
C'2 --[- 
C'3b +  a +  d 
per ce~t 
0 
1.6 
45.5 
81.5 
6.1 
NT 
C'2 + 
C'3 a +  d 
per ce~ 
NT~ 
NT 
NT 
78.7 
0 
NT 
* C'2 contains some C'3d. 
Not tested. 
Formation  of  Other  Intermediate  Complexes.--It  next  became  desirable  to 
determine more precisely the order of reaction of the other components available 
at  this  time,  and  to  obtain  some information  concerning  their  interactions. 
Aliquots  of  EAC'1,4  were  incubated  at  30°C  for  1  hour  with  C'2  (which 
included some C'3d) and a high concentration of: (a) C'3a; (b)  C'3b; (c) C'3c; 
(d) C'3c +  C'3b; (e) C'3c +  C'3a; or (sO C'3b +  C'3a. These preparations were 
washed  twice and resuspended in gelatin veronal buffer, and 0.5 ml aliquots 
were incubated for 90 minutes at 37°C with the same concentrations of: (a) C'2 
+  C'3c+b+d;  (b)  C'2 +  C'3c+a+d;  (c)  C'2 +  C'3b+a+d;  or (d)  C'2 + 
Ct3a+d. 
From the amount of lysis indicated in Table VII, the following conclusions 780  COMPONENTS  OF GUINEA  PIG COMPLEMENT.  I 
were made.  First, C'3b and C'3a either alone or in combination, do not react 
with EAC'1,4,2 in a  detectable manner. In contrast, C'3c reacts with EAC'I, 
4,2  to form a  complex which will lyse in the presence of C'2 +  C'3b+a+d. 
Of great interest was the finding that when C"2, C'3c, and C'3b were incubated 
together with EAC'1,4, a stable complex was formed which lysed when exposed 
to C'3a+d. (C'2 was later found to be unnecessary.) From this it appeared that 
the order of the reaction was EAC'1,4,2, followed by C'3c and then C'3b, and 
the cells so formed were designated as EAC'1,4,2,3cb.  It was recognized that 
it might be more accurate to say that such cells should have at least one SAC'l, 
4,2,3cb/cell,  and  that  other  sensitized sites on  the  same  cell might  be in a 
variety of different intermediate states. 
The presence of C'3a simultaneously with C'3c appeared to inhibit either the 
formation or  the hemolytic susceptibility of EAC'1,4,2,3c,  since these  cells 
showed much less lysis with C'2 +  C'3b+a+d  than did cells treated with the 
same amount of C'3c in the absence of C'3a (6.1 vs. 45.5 per cent lysis). 
TABLE VIII 
C'3a Inhibition of I-A with EA C'I, 4,2 and 4 C'l-Aso of C'3¢ 
8 
12 
12 
12 
Treatment 
None 
None 
56°C 30 rain. 
Trypsin:~ 
I-A patterns with 0.2 ml of dilutions  of C'3a*  C'Hso of C'3a 
in 0.2 ml of 
,  I  undiluted 
1:3  1:10  1:30  1:100  1:300 1:1000  0  C'3aarationPrep- 
......  1 
0  0  0  Trace  3  4  4  180 
i  1  I  1  I  3  L  4  /  4  /  /  93 
0  4  4  4  4  4  <1 
* Incubated with EAC'I,4,2 and just sufficient C'3c to produce a 4+ I-A pattern in the 
absence of any inhibitor. 
:~ Previously incubated 1 hour at 37°C with 1 mg trypsin/ral. 
Inhibition of I-A by C'3a.--Since immune-lysed cells were less than optimally 
reactive in I-A as shown in Table I, and since some of the results in Table VII 
indicated that  C'3a might  inhibit the  reaction or expression of the  reaction 
between EAC'1,4,2 and C'3c, this phenomenon was explored further by means 
of I-A. Two C'3a preparations, Nos. 8 and 12, were tested for inhibitory effects 
on I-A as follows. 
To 0.5 ml aliquots (1 X 10  T) of EAC'I, 4,2 were added 0.2 ml of dilutions of the C'3a prepa- 
ration in buffer with EDTA. Then 0.2 ml of a 1:3200 dilution of C'3c (equal to 4 C' I-A60, or 
just enough to produce a 4+ hemagglutination pattern with EAC'I, 4, 2) was placed in each 
tube, and after 30 minutes at 37°C 0.1 ml of HuE was added. The tubes were shaken and incu- 
bated at 37°C as described previously,  and the patterns read after 1 hour. 
From the data in Table VIII it can be seen that 0.2 ml of approximately a 
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produced 50  per  cent inhibition of I-A.  Since the  Ct3a activity in immune 
hemolysis was twice as high in No. 8 as in No. 12, it could be calculated that 
50 per cent inhibition of I-A was produced by about 3  CtHs0 of No.  8 or 5 
C~Hs0 of No.  12, results which are in reasonably close agreement considering 
the limitations of the method. When Cr3a activity in immune hemolysis was 
destroyed by heating at 56°C for 30 minutes, or by digestion with trypsin, the 
inhibitory effect on I-A was greatly reduced. The next experiment was designed 
to show whether this inhibition resulted from the action of Ct3a on EACq, 
4,2 or on EAC'1,4,2,3c. 
One ml of EACq,4 was incubated at 30°C with C~2 and 1 ml of a  1:3 or 1:30 dilution of 
CI3a;  a  control was included lacking C~3a. After 30 minutes, half of each preparation was 
washed while the other half was held at 0°C. Then both washed and unwashed preparations 
were diluted to a concentration of 2 X  107 cells/ml, and 0.5 ml aliquots were incubated with 
varying concentrations of Ct3c, followed by HuE and reading of the resulting hemagglutina- 
tion patterns after 1 hour at 37°C. Another ml of EAC'I,4 was incubated at 30°C with C'2 
and a  1:100,  1:1000  or 1:i0,000 dilution of C~3c, to prepare EAC1,4,2,3c. After washing, 
these cells were incubated for 30 minutes at 37°C with a 1:3 or 1:30 dilution of C'3a. Half of 
each preparation was then washed while the other half was held at 0°C; both washed and un- 
washed cells were then diluted to 2 X  107/ml and tested by I-A. 
As shown in Table IX, following incubation of EACP1,4 with CP2 and C'3a, 
no inhibitory effect on the induction of I-A by C~3c could be observed after 
the cells were washed free of CI3a, while the continued presence of this prepara- 
tion  resulted  in  marked  inhibition.  However,  when  EACq ,4,2,3c  was  in- 
cubated with C'3a, the inhibitory effect was undiminished after washing. These 
results indicate that C~3a or some other substance in C13a preparations reacts 
with EACP1,4,2,3c but not with EACq ,4,2,  to produce a  stable alteration 
inhibiting  establishment  of  the  I-A  bond  between  EACq,4,2,3c  and  I-A 
receptor sites  on HuE. The previously observed inhibition of immune lysis 
under similar conditions (Table VII) suggests that contact between SAC~1,4, 
2,3c and C'3a preparations before introduction of Ct3b may also result in an 
unfruitful reaction blocking the later conversion of that site to S*. 
Effect of Temperature on Formation of EAC'1,4,2,3c.~As  shown in Fig. 1, 
hemolytically active  EACq,4,2,3c  forms  very  rapidly  at  30  °  and  37°C, 
reaching a  maximum within 15  and 5 minutes respectively. The reaction is 
much  slower at 0°C.  The most reactive  cells  were  those removed after  15 
minutes  at  30°C,  and  this  time  and  temperature  have  since  been  used 
for EACt1,4,2,3c preparation. The I-A reactivity of the cells prepared in this 
experiment paralleled rather closely their hemolytic activity, except that the 
striking decline of hemolytic activity upon prolonged incubation at 30  ° or 37°C 
was not observed by I-A. This loss of hemolytic activity was unexpected; as will 
be shown subsequently, it has been resolved into two processes, both distinct 
from the loss of EACt1,4,2,3c hemolytic activity following decay of the Ct2 TABLE  IX 
Effect  of Washing  an  EAC'1,4,2  +  C'3a  Mixture  or  EAC'1,4,2,3c  +  C'3a  Mixture  on 
Subsequent  Reactivity  in I-A 
EAC'I,4,2 incubated for 30 rain. 
at 37QC  with: 
C'3a 1:3 
C'3a 1:30 
Buffer alone 
EAC'1,4,2,3c incubated for 30 rain. 
at 37  ° C with: 
C'3a 1:3 
C'3a 1:30 
Buffer alone 
Treatment after incubation 
Not washed 
Washed 
Not washed 
Washed 
Not washed 
Washed 
Treatment after incubation 
Not washed 
Washed 
Not washed 
Washed 
Not washed 
Washed 
I-A patterns after reaction with 
HuE and the following 
dilutions of C'3c: 
1:100  1:1000  1:10,000 
4  0  0 
4  4  3 
4  2  0 
4  4  3 
4  4  3 
4  4  3 
I-A patterns after reaction with 
HuE (concentration of C'3c used 
to prepare EAC'1,4,2,3c): 
l:lO0  1:1000  1:10,000 
3  1  0 
4  1  0 
4  2  0 
4  2  0 
4  4  3 
4  4  3 
+  80 
o 
to 
)  60 
-o 
-~  20 
°o  s  ,g  3'o  io  9'o  ,2o 
~.  Time  in  minutes 
FIG.  1.  Reaction between EAC ' 1,4,2 and C '3c at 0 °, 30  °, and 37°C to form EAC ' 1,4, 2,3c. 
At zero time EAC'I, 4,2 was mixed with precooled or prewarmed C'3c in gelatin veronal buffer 
to give a  final cell concentration of 7.5 X  107/ml. At precise intervals, 2.0 ml of reaction mix- 
ture was transferred to  12 ml of cold buffer and immediately centrifuged, washed twice, and 
the cells resuspended. They were then tested for I-A reactivity, and for hemolytic activity by 
incubation with C'2 +  C'3b +  a +  d. Since C'3c activity is not completely inhibited at 0°C, a 
slight increase in EAC'I, 4,2,3c formation undoubtedly continued to occur during centrifuga- 
tion of the samples before washing. Therefore, the indicated times must be regarded as ap- 
proximations only. 
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moiety  in  the  complex,  which  is  readily  restored  by  the  addition  of  fresh 
C~2. 
Effect of C~2 and Heating at 37°C on the Reactivity of EAC~1,4 ,2 ,3c in Immune 
Hemolysis  and 1-.4.- 
Ten ml of EAC'I,4 was incubated at 30°C with C'3c and excess C'2. Mter 30 minutes the 
cells were washed twice, and half of each preparation was held at 0°C while the rest was de- 
cayed for 2 hours at 37°C. Aliquots of each washed cell suspension were then incubated with 
C'2 +  C'3b +  a +  d in buffer with EDTA, or in buffer without EDTA. This was necessary 
because at this time the only source of C'3d was our preparations of C'2, which also contained 
a small amount of C~3d (7). 
TABLE X 
Participation of C'2 in L  ysis of EA C'I, 4, 2, 3c Prepared with Limited C'3c 
Lysis of EAC'1,4,2,3c by C'2 +  C'3b +  a  +  d 
diluted in: 
Gelatin veronal buffer ........................ 
Gelatin veronal buffer with EDTA ............ 
Lysis of cells at 37~C following preincubation: 
0°C 2 hrs. 
~er ¢e~t 
53.1 
24.6 
37°C 2 hrs. 
~er cenl~ 
31.7 
0.3 
As  can  be  seen  from  Table  X,  heated  EACq,4,2,3c  was  not  lysed by 
C~3b+a+d  unless Ct2 was allowed to participate in the reaction (by omission 
of EDTA).  The greater lysis by C'2 +  C~3b+a+d  of unheated as compared 
with heated EACq ,4,2,3c  (63.1 vs. 31.7 per cent)  was attributed  to  an  irre- 
versible spontaneous  inactivation of SACq ,4,2,3c  at elevated temperatures, 
while the difference between 63.1 and 24.6 per cent lysis of unheated  cells was 
ascribed to  the decay of essential C~2 moieties on  the  EACq ,4,2,3c  before 
reaction with  C~3b  could  take  place,  when  regeneration by C~2 was blocked 
by EDTA. 
In a second experiment EAC'I,4, 2 was incubated for 15 minutes at 30°C with varying con- 
centrations of C'3c, then washed and resuspended to 7.5 X  107/ml. Aliquots of each prepara- 
tion were then held at 0°C for 2 hours. A portion of some preparations was heated 2 hours at 
37°C and then retreated with 500 effective molecules of C'2/cell for 8 minutes at 30°C, followed 
by washing and resuspension. Aliquots of each cell preparation were then incubated with: (a) 
Ct2 +  C'3c +  b +  a +  d; (b) C'2 +  C'3b +  a +  d; or (c) C'3b +  a +  d. I-A reactivity of 
each preparation was also determined. 
The results in Table XI show that heating for 2 hours at 37°C abolished the 
ability of EACq ,4,2,3c to be lysed by C'3b+a+d.  If C'2 was included in the 
reaction mixture, or allowed to react with the heated cells and then removed 
by washing, much of the reactivity of these cells was restored. This was attrib- 
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which could be reversed by fresh C'2. However, a significant amount of reactiv- 
ity was  not restored by  the addition of  C'2,  indicating that a  different  and 
slower inactivation of EAC'1,4,2,3c  was also taking place at 37°C. See Table 
XIII for further data on this point. 
EAC'1,4,2,3c  prepared  with  the highest  concentration of  C'3c  showed  a 
much lower lysability with C'3b+a+d  than did cells prepared with one-fifth 
or even one-twenty-fifth as much C'3c. This suggested that an excess of C'3c 
TABLE XI 
Effect of Heating at 37°C for 2 Hours on the Reactivity  of EAC'1,4,2,3c in Immune 
Hemolysis  and I-A 
CJHso of C'3c 
used to prepare 
EAC'1,4,2,3c 
100 
20 
0.8 
Cell treatment 
Unheated 
37°C 2 hrs. 
Unheated 
37°C 2 hrs. 
Unheated 
37°C 2 hrs. 
37°C 2 hrs. C'2 restored 
Unheated 
37°C 2 hrs. 
37°C 2 hrs. C'2 restored 
Unheated 
37°C 2 hrs. 
2+ I-A 
(No.  of cells 
X  10s) 
1.0 
1,0 
1.0 
1.0 
1.5 
2.0 
2.0 
3.0 
3.0 
3.0 
* Negative with 150 X  106 cells. 
may  be  able  to  block  subsequent  conversion  of  intermediate  sites  to  S*. 
Although heating  or  excess  C'3c brought about  a  striking  alteration in  the 
hemolytic reactivity of these cell preparations, there was no significant effect 
on their I-A reactivity. There was, however, reduced I-A reactivity when insuf- 
ficient C'3c was used in preparing the cells, as would have been expected. 
Inactivation  of SA C'1,4 by C'2 and C'3c Combined.--In order to gain further 
insight  into  the  nature  of  the  inactivation  processes  described  above,  an 
attempt was made to assess the relative changes in quantity taking place among 
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SAC'l,4 was measured by incubating cell suspensions with C'2 and C'3c +  b +  a +  d, 
SAC'1,4,2,3c by the use of C'2 +  C'3b +  a +  d, and SAC'I,4,2,3cb by the use of C'3a +  d. 
In addition, some Tmax determinations were made, which served to indicate a block or inac- 
tivation at any point between SAC'l, 4 and S*. Because prellm~nary data had indicated that 
inactivation  of EAC '1,4, 2,3c was greatly increased in the presence of C'3c preparations,  the 
inactivating role of this material, with and without added C'2, was also investigated. 
In the first part of the experiment EAC'I,4 was incubated  2 hours at 37°C with C'2 + 
C'3c, with  C'3c only, or with  buffer alone. In addition,  washed EAC'1,4,2 was similarly 
similarly treated with C'3c, acid-inactivated C'3c, C'3c +  C'3b, or buffer alone. All cell prepa- 
rations were then washed thoroughly and incubated with appropriate components as described 
above. 
The results,  shown in Table XII, indicate  that SAC'1,4 is not affected by 
C'3c alone. In the presence of active C'2 moieties on the cell, however, treat- 
ment with C'3c can bring about a substantial reduction in SAC'1,4. Additional 
evidence that the reduced lysis by C'2 +  C'3c+b+a+d  represents an effective 
loss of SACq ,4 was provided by the finding that the T~x of this preparation 
was  greater  than 30 minutes with a  maximum lysis at that time of only 13.8 
per cent, as compared with a  Tm,~ of 14 minutes and a maximum lysis of 32.8 
per  cent  in  the  control  preparation  incubated  with  buffer  alone.  SAC'l,4 
inactivation is proportional to the amount of C'3c preparation employed, and 
does not occur if C'3c activity is first destroyed by acidification. When C'3b is 
present in addition to C'3c, no detectable  SAC'1,4 loss occurs because of the 
formation of SAC'1,4,2,3cb, a stable complex which is readily converted to S* 
upon subsequent exposure to C'3a+ d. 
InacIi~ation of SA C'1, 4 ,2 ,3c by C'3c Preparations.--The following experi- 
ment was done to determine whether, once C'3c had interacted with EAC'1,4, 
2, free  C'2 or an  active  C'2  moiety  on  the  cell  was  still  essential  for  sub- 
sequent SAC'1,4,2,3c inactivation by C'3c preparations. 
EAC'I,4,2,3c was prepared by incubating EAC'I,4,2 with C'3c for 15 minutes at 30°C, 
followed by thorough washing. Aliquots of this cell preparation  were then: (a) held continu- 
ously at 0°C while other allquots were being treated;  (b) heated at 37°C for 2 hours, (c) 4 hours, 
or (d) 6 hours. The other aliquots were all heated 2 hours at 37°C to decay SAC'1,4,2, washed 
once, and resuspended. They were then heated again at 37°C for 2 hours in the presence of a 
high concentration of: (e) C'2 (400 effective molecules/cell); (f) C'3c; or (g) C'2 +  C'3c. The 
last 3 preparations were then washed, and heated once more for 2 hours at 37°C. All 7 prepara- 
tions  were  then  washed,  resuspended  to  a  concentration  of  7.5  X  10~/ml,  and  tested 
for SAC  '1,4 and SAC  '1,4, 2,3c activity as described above. 
The results, listed in Table XIII, confirm earlier findings that there is a slow 
irreversible  spontaneous  loss  of  SACq,4,2,3c  at  37°C,  as  shown  by  the 
decreasing lysls following successive  2-hour incubations  at  37°C.  C'2 had no 
significant effect on this process. The fact that there was a parallel decrease in 
SAC'1,4 as well as SAC'1,4,2,3c, indicates that the latter sites are not inacti- 
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TABLE XII 
Effect of Treatment with C'3c, C'2 +  C'3c,  or C'3c +  b on SAC'l,4 and SAC'1,4,2,3c 
EAC'1,4 incubated 2 hrs, 
at 370C with: 
Buffer alone 
C'3c 1:10 
C'2 +  C'3c 1:10 
Washed EAC'1,4,2 incubated 
2 hrs. at 37°C with: 
Buffer alone 
Acidified C'3c 1  : 10"* 
C'3c 1:10 
C'3c 1:100 
C'3c 1:10 +  C'3b 1:10 
C'3c 1 : 10 +  C'3b 1 : 50 
Lysis__. after reaction  with: 
c'2+  r  c'~+  I  c'3a+ 
2'3c+a  I  C'3h+  ]  dS 
[-b+d*  I  a+d~:  I 
per cent  per cent  per cent  ] 
95.0  0.9  t 
96.5  0.8 
70.0  13.0 
94.3  1.5  0.5 
95.3  2.0  1.0 
65.3  11.0  0.7 
89.0  16.0  0.9 
1~  98.0  97.3 
96.6  95.5  94.8 
Loss of  SAC'I 4  EAC'1,4,2,3c 
activity  formation  ¶ 
per cent  per cent 
--  0 
0  0 
25.0  12.1 
--  0 
0  0.5 
29.5  9.5 
5.3  14.5 
* Test for SAC'l,4. 
Test for SAC'1,4,2,3c. 
§ Test for SAC'I,4,2,3cb. 
II From first column. 
¶  From second column. 
** Incubated 30 minutes at 0°C at pH 3.5, then neutralized. 
TABLE XlII 
Immune Hemolysis of EAC'1,4,2,3c Pretreated at 37°C with C'2, C'3c,  or C'2 +  C'3c 
I st heating  2nd heating 
for 2 hrs.  for 2 hrs. at 
at 37°C  37°C. with: 
(a) 
(b)  + 
(c)  +  Buffer alone 
(d)  +  Buffer alone 
(e)  +  C'2 
(D  +  C'3c 
(g)  +  C'2 +  C'3c 
3rd 
heating 
for 2 hrs. 
at 37°C. 
+ 
+ 
+ 
+ 
Summary of treatment 
Held at 0°C 
2 hrs. 37°C 
4 hrs. 37°C 
6 hrs. 37°C 
37°C/C'2/37°C 
37°C/C'3e/37°C 
37°C/C'2 +  C'3c/37°C 
Lysis after reaction 
with 
C'2 +  C'2 + 
C'3c + b  C'3b  + 
+a+d*  a+d• 
per cent  per cent 
100.0  100.0 
67.5  56.5 
62.6  48.5 
55.3  39.0 
56.4  37.1 
47.8  4.8 
35.4  I  6.9 
* Test for SAC'l,4. 
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that the entire site is converted to a hemolytically  inactive form, quite possibly 
by the loss of ability to combine with C~3b, so that it can no longer proceed to 
S* even when all the appropriate components are provided. 
When heated EAC'1,4,2,3c was incubated with C'3c, either with or without 
C'2, a very striking further loss of SAC~1,4,2,3c  took place  (4.8 vs. 39.0 per 
cent lysis),  confirming earlier  evidence  that free  C'3c  or some contaminant 
present in C'3c preparations has a strong inactivating effect upon EAC'1,4,2, 
3c at elevated temperatures. That this loss of activity does not result from a 
direct interaction between  SAC'1,4 and  C'3c  was  shown previously (Table 
XII). It therefore  has been  assumed  to result from the conversion of active 
SAC'1,4,2,3c  into inactive SAC'1,4,2,3c  by  C'3c  or  some  contaminating 
substance. This inactivation does not require that the C'2 moiety of the complex 
be in its undecayed state. 
It will be noted that the EACt1,4,2,3c preparation treated with Ct3c alone 
showed 47.8 per cent lysis with Ct2 -b C'3c~-bq-aq-d, while only 35.4 per cent 
of the cells lysed after treatment with C~2 -]- C~3c. This further C~2-dependent 
loss of SAC'1,4 activity was felt to result from the conversion of previously 
uncombined SAC'1,4, first to SAC~1,4,2,  then to active SAC'1,4,2,3c, and 
finally to inactive SAC~1,4,2,3c by continued contact with the C'3c prepara- 
tion. The loss of active SAC~1,4 from these cells was confirmed by determina- 
tion of the  Tm,x. EAC'1,4,2,3c incubated at 37°C with C'2 and Ct3c for 2 
hours (g) had a Tma~ longer than 40 minutes with a maximum lysis of 6.0 per 
cent while EAC'1,4,2, 3c incubated with C'3c (f) showed a  Tmax longer than 
40 minutes with a  maximum lysis  of  17.2 per cent and EACt1,4 incubated 
with buffer alone (d) gave a maximum lysis of 46.6 per cent with a Tm~, of 12 
minutes. 
DISCUSSION 
Since an appreciable number of EA treated with C  ~  for 30 minutes at 0°C are 
converted into  E*,  it  is  evident that  every kind  of complex  intermediate 
between SA and S* might be expected to form during the preparation of EAC~I, 
4 by the usual cold method (6, p. 200). These intermediate complexes should 
include  SAC~1,4,2,  SAC~1,4,2,3c,  SACt1,4,2,3cb,  SAC'1,4,2,3cba,  and 
SAC'1,4,2,3cbad (S*). 
SAC'1,4,2 can be decayed to SAC'1,4 by incubation for 2 hours at 37°C. 
Since most cells with S* sites will lyse during this treatment, these two inter- 
mediates can be thus excluded from EACh1,4 preparations.  The formation of 
SAC'I,4,2,3cb  and  SACPl,4,2,3cba  at  0  °  C  is  considered  to  be  minimal 
because of the temperature dependence of the reaction between EACt1,4,2,3c 
and C'3b (7). The number of cells with sites in these states can be estimated by 
the amount of lysis observed after heating the cells for 2 hours at 37°C, followed 
by incubation with C' in EDTA as a source of C'3a and C'3d.  On the other 788  COMPONENTS  O~F  GUINEA  PIG  COMPLEMY-,NT.  I 
hand,  the  number  of  EAC'1,4,2,3c  cannot  be  estimated in  this  manner, 
because EACP1,4,2,3c washed and then heated 2 hours at 37°C do not lyse in 
the  presence  of  C'3b+a+d  unless  first  "restored"  with  fresh  C'2,  which 
requires  the presence  of magnesium.  Since such preheated cells are  lysed by 
C'3b+a+d in the presence of CI2 and divalent cations, it can be seen that the 
presence of C'3c activity on "decayed" EACq ,4, which is readily detectable 
by I-A, could lead to a misinterpretation of the action of certain C'components. 
Because  SAC'1,4,2,3c forms fairly readily during incubation of EA with 
whole C  r at 0°C (Table V), it is important to minimize this contamination when 
preparing  EAC'1,4 for use  in  C  t  component investigations.  This was  done 
initially in the present study by incubating EA with formaldehyde-treated  C  ~ 
at 0°C; later, EA were reacted with a  small amount of untreated C' for 7.5 
minutes at 0°C. EAC'i ,4 made by either method gave a T~a, of from 6 to 14 
minutes, depending upon the batch of C  t, and showed a negative I-A reaction 
even with 150  >(  106 cells, indicating by the most sensitive method available 
the virtual absence of SACq ,4,2,3c. 
Employing these  I-A-unreactive EAC'1,4 cells, it was possible to identify 
4 separate components of C', in addition to Cq, CP4 and C~2, in whole guinea 
pig serum by means of DEAE cellulose chromatography. The factor conferring 
I-A reactivity upon EAC 1,4,2 and essential along with C'3b+ a+d for immune 
lysis of EAC'1,4,2, has been termed Cr3c. The other factors will be described 
in reference 7. 
In combination experiments  C'3c  was shown to interact with EACq ,4,2. 
The I-A reactive  product, EACq ,4,2,3c, is the first detectable intermediate 
formed in the series of reactions  between EACq ,4,2 and the remaining  com- 
ponents of C'. Formation of this complex takes place at 0°C, but is more rapid 
at  30-37°C  (Fig.  1).  Mter heating at 37°C for  2  hours,  I-A-reactive  cells 
prepared from EAC'1,4 treated with Ct2 and C'3c, or from EA incubated with 
whole C  ~ for 30 minutes at 0°C, were lysed by Ct2 plus  CP3b+a+d and the 
degree of lysis paralleled  the amount of C'3c or whole C' used to prepare  the 
cells (Tables  V  and  VI).  These results provide  evidence  that the  complex 
reactive in I-A is EAC'1,4,2,3c and indicate that I-A-reactive cells can be 
converted to E* by interaction with the remaining C' components, exclusive of 
C~3c. Data on C'3c inactivation by ammonia (7), hydrazine or low pH, absorp- 
tion with antigen-antibody complexes, stability at 56°C (7), elution character- 
istics from DEAE cellulose (7), inactivation by freezing (7), and preliminary 
electrophoretic  separation (unpublished data) all combine to indicate that the 
C~3c which sensitizes EACq ,4,2 so that it will react in I-A is the same CP3c 
which is required for the lysis of EACt1,4,2 by C'3b+a+d. 
One discrepancy between immune hemolysis and I-A is that EAC'1,4,2,3c 
decay rapidly at 37°C to a form which no longer will react with Ct3b, but which 
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the  addition  of  purified  C'2,  in  a  manner  analogous  to  that  observed 
with EAC'1,4,2 (12). In addition, there is a much slower spontaneous inactiva- 
tion of EACt1,4,2,3c at 30-37°C, to a form which can no longer be converted 
to E* by addition of the appropriate components, including C'2 (Table XIII). 
A similar situation in lesser degree has been found for the other intermediate 
complexes, EAC'1,4,2,3cb  and  EACt1,4,2,3cba  (7). This  spontaneous 
thermal inactivation cannot be reversed by fresh C~2 or by any other method 
which has been tried. 
A third type of EACP1,4,2,3c inactivation results from continued incubation 
of EACt1,4,2,3c with C'3c preparations.  This inactivation is independent of 
CP2, proceeds fairly rapidly at 30-37°C, and cannot be reversed in any known 
way. It is not known whether it represents an effect due to C'3c itself, or to some 
contaminant present in the C'3c preparations.  In this regard it is interesting to 
note some of Leon's observations on human C  t (17). He found that at least two 
different processes were  operating in the decay of EAhuC~A (analogous  to 
EAC~1,4,2)  at 32°C. One resembled a simple thermal inactivation, while the 
other seemed related to some substance  present in the R3  reagent used  to 
prepare  the cells, and led to an irreversible  loss in cell reactivity. It seems 
possible that there might be an analogy between the latter finding  and our 
observation that prolonged incubation of EAC~1,4,2  with C~3c preparations 
led to an extensive alteration of the resulting SACP1,4,2,3c sites to some form 
which could no longer be converted to S* by the appropriate components. 
More cells were required to produce a 2-}- I-A hemagglutination  pattern when 
immune-lysed cells were employed than when EAC'1,4,2 treated with purified 
C'3c were used. Since treatment of EAC'1,4,2,3c withC~3a inhibits I-A (Table 
VIII), it may well be that immune-lysed cells, which have usually  been exposed 
to relatively high concentrations of whole C' or of purified components,  have 
had appreciable numbers of SAC  ~1,4, 2,3c blocked by excess C'3a. This inhibi- 
tory effect of C~3a seems to extend to immune hemolysis as well, since consider- 
ably less lysis by C~2 and Ct3b -}-a -}-d was observed when EACt1,4 was treated 
with Ct2 and Ct3c plus C~3a, than when the C~3a  was omitted (Table VII). This 
is in contrast to the result when such cells are incubated with C~2 and C'3c plus 
C'3b, where a stable EACq,4,2,3cb complex is formed which rapidly proceeds 
to E* upon subsequent exposure to C'3a and C~3d (7). Apparently, when certain 
components are allowed to react in the wrong order,  unfruitful reactions  may 
take place which will later inhibit conversion of the resulting intermediates to 
E* by the appropriate components. 
If SAC'1,4 inactivation is defined as any process which prevents the ultimate 
conversion of SAC~1,4 to S* by the appropriate C  r components,  the rapid but 
CP2-reversible decay of SACt1,4,2,3c at elevated temperature does not repre- 
sent SAC'1,4 inactivation, nor does conversion  of this complex by C'3b to 
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SAC'1,4,2,3c at 30-37°C  and the accelerated  inactivation of these  sites  by 
C'3c preparations (and possibly by C'3a) both appear to block later conversion 
of the inactivated sites to S*, and thus effectively to inactivate SAC'1,4. This 
is substantiated by the finding of a markedly prolonged Tma,  and a lower degree 
of lysis when these ceils are reacted with C~2 and then with EDTA-C  t. 
Mayer et  al.  found that labeled  guinea pig serum in EDTA added radio- 
activity to EACt1,4,2 although very little "whole C'3" was depleted from the 
supernatant fluid (18). Nelson (10) demonstrated marked depletion of "whole 
C'3" from guinea pig C' following absorption at 0°C with an immune precip- 
itate, Miiller-Eberhard  and Nilsson were able to remove a  "C'3-active" sub- 
stance from human serum by treatment with antigen-antibody complexes (19), 
and Osier et al. showed clearly the depletion of "whole C~3  '' activity from rat 
serum by immune aggregates  (20). Nevertheless  there has been some contro- 
versy regarding "whole C~3  '' fixation, some of which may be resolved by data in 
the present paper.  Conventional methods for the preparation of EAC'1,4 result 
in  cells contaminated by appreciable  numbers  of  SAC'1,4,2,3c.  Following 
decay at 37°C such sites can be reactivated by fresh C'2, after which they can 
combine with C~3b, C'3a, and C'3d to form S*. Although C'3c in the present 
study was almost completely depleted from whole C  ~  by antigen-antibody com- 
plexes, there was less complete removal of C'3b and almost no loss of C'3a and 
C'3d. It is evident that examination of such a serum might reveal little or no 
apparent loss of "whole C'3" activity if appreciable  C'3c were introduced into 
the assay system via contaminated EACh1,4. However, when EAC'1,4 is em- 
ployed which  is  non-reactive  in I-A,  indicating the virtual absence  of C'3c 
contamination, a marked depletion  of "whole Ct3  '' activity by immune com- 
plexes is readily demonstrated (Table IV). 
Inactivation by hydrazine is a well-known characteristic of C'4, but recently 
there have been reports that some "Ct3  '' component is also susceptible to this 
agent, and that in the guinea pig system this hydrazine-sensitive  component is 
quite resistant to heating at 56°C (21-23). These reports are confirmed in the 
present study: C'3c, a remarkably heat-stable component, is destroyed by very 
low concentrations of hydrazine. 
Although C~3c and C'4 are distinct in their sequential  reactions  in immune 
hemolysis and in their chromatographic  elution characteristics  (7, 9), both are 
relatively stable at 56°C, are destroyed by ammonia and by hydrazine, and are 
absorbed  by antigen-antibody complexes. Some workers, using the so-called R 
reagents, have stressed the role of C~4 in certain antlgen-antibody  reactions (14) 
and in immune conglutination phenomena (15). However, in view of the data 
presented here, and the questions raised in recent reviews concerning the valid- 
ity of interpretations based upon work done with R reagents (6,  16), it might 
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SUMA~ARY 
Employing sheep erythrocytes sensitized by antibody and the first and fourth 
components of complement (EAC'1,4), in such a manner as to prevent the de- 
velopment of immune adherence (I-A) reactivity during preparation, four sep- 
arate substances required for the conversion of EAC'1,4,2 to the final damaged 
state (E*) were identified in whole guinea pig serum by cellulose chromatog- 
raphy, and tentatively termed C'3c, C'3b, C'3a, and C'3d. 
I-A reactivity was induced in EAC'1,4,2 after interaction with only one of 
these four substances, C'3c. A detailed comparison of the effects of heat, hydra- 
zine,  low pH,  freezing, absorption by immune complexes,  and elution from 
cellulose columns indicated that this same substance which was capable of im- 
parting I-A reactivity to EAC'1,4,2 was also essential for immune hemolysis. 
Other experiments showed that I-A-reactive cells prepared either by treating 
EA with different concentrations of whole C' at 0°C, or by treating EAC'1,4,2 
with C'3c, underwent lysis by C'2 +  C'3b +a +d in proportion to the amount 
of whole C' or of C'3c used to make the cells reactive in I-A. These data provide 
strong evidence that a single factor, C'3c, is required both for the conversion of 
EAC'1,4,2 to an  I-A-reactive complex (EAC'1,4,2,3c)  and for the lysis of 
EAC'1,4,2 by CI3b +a +d. 
C'3c is the only one of the components studied which can induce I-A reactiv- 
ity, and is  the first to react with EAC'1,4,2.  Formation of EAC'1,4,2,3c 
proceeds even at 0°C, but is much more rapid at elevated temperatures, showing 
a maximum in from 5 to 15 minutes at 37  ° or 30°C respectively. Prolonged in- 
cubation at these temperatures results in a decline in hemolytic reactivity with- 
out a noticeable effect on I-A. This loss was resolved into three phenomena: (a) 
a rapid loss of ability of SAC'1,4,2,3c to react with C'3b, presumably as a re- 
sult of decay of the C'2 moiety in the complex, which is readily reversed by addi- 
tion  of  fresh  C'2;  (b)  a  slow,  irreversible  spontaneous  inactivation  of 
SAC'1,4,2,3c;  (c)  a  moderately  rapid,  irreversible  inactivation  of 
SAC'1,4,2,3c by some factor present in C'3c preparations. 
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